C ardiovascular device infections (CVSDI) include infec-
tions occurring at heart valve prosthesis (PVE), cardiovascular implantable electronic devices (CIED), left ventricular assist device (LVAD) and vascular graft. The use of cardiovascular implantable devices and surgical biomaterials has increased in the last decades and it will increased over the next years due to progresses in medicine, the aging of society and the expanding indications for cardiovascular implants. Accordingly, complications associated with implanted medical devices have been grown (1) . CVSDI are of increasing concern. The severity of the infection depends upon the type of pathogen, the biofilm's characteristics, the type and the location of the biomaterial, and the host defense status (1, 2) . The diagnosis is extremely challenging due to an extremely heterogeneous clinical picture characterized by aspecific signs and symptoms. The diagnosis relies on careful patient' s assessment according to specific diagnostic flow-chart. A multidisciplinary approach is necessary and has been shown reducing mortality (1, (3) (4) (5) . Strategies to facilitate early diagnosis are crucial for a favorable clinical outcome. The present review aim to provide an overview of the main applications, technical aspects and results of nuclear cardiology imaging in CVSDI.
Nuclear cardiac imaging in cardiovascular device infections
Nuclear medicine offers useful tools to evaluate patients with suspected or confirmed infectious and inflammatory processes (4) . Their role relies on the strength of noninvasive imaging tests that targeting molecular processes provide functional and metabolic information early during the course of the disease. Drawbacks of nuclear medicine procedures related to either the use of radiolabeled tracers or to their rather Annals of Nuclear Cardiology Vol. 4 No. 1 52-59 low resolution have been overcome to a large extent during the last decade by the introduction of hybrid imaging (1, 4, 6) .
The "3M" approach (i.e. multimodality, multi-tracers and multisciplinary) has been recently proposed in CVSDI to integrate the traditional diagnostic criteria (1) . A multidisciplinary team to discuss laboratory results, multimodality imaging findings and patients' management has been successfully introduced for the optimal management of cardiovascular infections, resulting in a lower in-hospital and 1-and 3-year mortality reduction across Europe (7) (8) (9) (10) (11) (12) 
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Ann Nucl Cardiol 2018；4（1） ：52-59 -54 - Fig. 1 Radiolabeled WBC scan in a patient with aortic and mitral mechanical prosthesis. The patient presented fever, increased CRP and ESR, negative RF and echocardiography (both TEE and TOE). Positive urine culture with isolation of P. Mirabilis and positive blood culture with isolation of Enterococcus faecalis were found. SPECT/CT shows a focal area of increased uptake the perivalvular aortic region, at the medial aspect (from left to right transaxial, coronal and sagittal view, respectively).
Fig. 2
18 F-FDG PET/CT in a patient with suspected IE. Mitral and aortic mechanical prosthesis positioned 5 years before. The patient developed fever, increased ESR and positive blood culture with isolation of MSSA. Ecocardiography was negative. Images shows increased uptake the perivalvular region of the aortic prosthesis (from left to right transaxial CT, emission and superimposed images). Therefore, by adding the criteria of "abnormal uptake around the site of prosthetic valve implantation" the patient was classified as "Definite IE" and treated with antimicrobial treatment. PET/CT was performed after 24 hours of LCHF diet.
CIED infection
The use of CIED has increased significantly over the last decade (1, 32) . Accordingly to the rise in device implantations, the rate of infectious complications is also increasing by an estimated 5% per year (33) . CIED-infections are linked to high in-hospital mortality, rates of readmission and costs (1).
Therefore, strategies to facilitate early diagnosis are foreseen for a favorable clinical outcome. The diagnosis of CIEDrelated infection is a hard task in which multimodality imaging may be successfully applied to confirm/exclude the presence of infection and define its extent, including embolic and metastatic foci (1, 13, 14) . The largest study with WBC SPECT/CT in CIED-infection diagnosis reported a sensitivity of 94% and a specificity of 100% (18) . 18 
Vascular graft infection
Infection of vascular prosthesis (VPI) is quite rare (incidence of 0.5%-6% depending on surgical site) but it is associated to a significant increase in morbidity and mortality risk as well as to high costs (46, 47) . VPI's management is challenging (46) . Therefore, early and accurate diagnosis is required for the correct choice of the best therapeutic strategy example. Dual-time-point images and a five point visual grading 18 F-FDG score, improving image quality, and enhancing delineation of the infected aortic grafts, may be used to enhance the diagnostic accuracy (4, 52, 56, 57) . Both WBC scintigraphy and 18 F-FDG PET/CT may be used to evaluate antimicrobial treatment response in VPI (1, 20) .
Conclusions
Nuclear cardiology imaging is helpful to detect device infections. The "3M" approach (i. e. multimodality, multitracers and multisciplinary), recently proposed to integrate the traditional diagnostic criteria in cardiovascular device infections, facilitates early diagnosis, impacts in patients' management, and improves the outcome.
